.AP20Rec'dPCT/PT0l4AUG2iS 



SUBSTITUTE SPECIFICATION: CLEAN COPY 



10/589297 
mo Rec'd PCT/PTO 14 AUG 28061 

Floating-Caliper Disk Brake, Especially for High Braking Power 

BACKGROUND OF THE INVENTION 

[0001] The present invention pertains to a f loating-caliper 
disk brake for motor vehicles capable in particular of developing 
high braking power. These types of high-performance brakes are 
used in high-horsepower motor vehicles, for example, and also in 
the field of auto racing, 

[0002] A f ixed-caliper brake for high-horsepower motor vehicles 
is known from, for example, EP 1 016 804 Al . The f ixed-caliper 
brake described here has hydraulic actuating devices on both sides 
of the brake disk; each device has a corresponding brake piston, 
which cooperates with the associated brake pad. This makes it 
possible to produce high brake clamping forces, which allow high 
levels of braking power to be reached. High braking power leads 
to high operating temperatures within the f ixed-caliper brake 
and/or in the brake fluid. One of the reasons for this is that 
the brake fluid passes relatively close by the hot components of 
the f ixed-caliper brake, e.g., the brake disk and the brake pads. 
High brake caliper or brake fluid temperatures, however, can cause 
the braking power to decrease, which is undesirable. Therefore, 
the f ixed-caliper brake has a device for cooling the brake to re- 
duce the operating temperatures. This device causes a stream of 
cooling air to pass through the fixed caliper. Overall, the 
f ixed-caliper brake with the device for brake cooling is very 
heavy, which is extremely undesirable, especially for race car ap- 
plications . 

[0003] DE 196 22 209 Al, furthermore, describes a floating- 
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caliper disk brake for a motor vehicle. This brake has a frame- 
like floating caliper, which is supported with a certain freedom 
of movement by means of pin guides on a brake holder, which is 
permanently attached to the vehicle. The brake holder has two 
holder arms which project over the associated brake disk, and the 
brake pads, mounted on both sides of the brake disk, are guided on 
the holder arms with a certain freedom of movement in the axial 
direction but are supported in the circumferential direction. The 
frame-like floating caliper projects over the friction pairing 
formed by the brake pads and the brake disk and takes care of in- 
troducing the necessary brake clamping force. Although the float- 
ing-caliper disk brake is able to develop high braking power, this 
design requires appropriately designed components of considerable 
weight . 

[0004] Proceeding on this basis, the task of the invention is 
to provide a motor vehicle brake, especially for high braking 
power, which is superior to the known arrangements with respect to 
mechanical and thermal load capacity and also with respect to 
overall weight. 

SUMMARY OF THE INVENTION 

[0005] This task is accomplished by a f loating-caliper disk 
brake for motor vehicles with a frame-like floating caliper, which 
projects over a brake disk and the brake pads, one of which is lo- 
cated on each side of the disk, and which is supported with a cer- 
tain freedom of movement by means of pin guides on a component 
permanently attached to the vehicle. The frame-like floating 
caliper comprises an inner caliper section, which has at least one 
actuating device, and an outer caliper section, which is connected 
to the inner caliper section by means of at least two bridge sec- 
tions, which project over the brake disk. It is conceivable that 
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the actuating device could, for example, be operated hydrauli- 
cally or electrohydraulically , by means of an electric motor, or 
perhaps purely by electrical energy. To reduce weight, at least 
the two sections of the caliper have a light-weight, lattice-like 
structure, as a result of which the entire frame-like floating 
caliper also becomes extremely rigid, which is advantageous. In 
detail, each caliper section consists of several rib elements, web 
elements, and/or cylinder elements. The caliper section is pref- 
erably designed in a manner similar to that of a double-T beam to 
ensure a high degree of rigidity. Simultaneously, the lattice- 
like structure makes it easier for cooling air to pass through the 
caliper sections and thus guarantees reliable brake operation even 
at high operating temperatures. This is achieved preferably by 
providing the outer caliper section with at least one cooling 
channel to allow cooling air to flow to the outer brake pad. A 
cooling channel of this type can be formed, for example, by a cy- 
lindrical element or by an element of the lattice-like, light- 
weight structure functioning in an equivalent manner. 

[0006] An advantageous embodiment of the f loating-caliper disk 
brake is obtained in that at least the outer brake pad is attached 
permanently to the caliper, and thus basically follows the move- 
ment of the caliper when the brake is actuated. The floating 
caliper is supported tangentially against the component attached 
to the vehicle so that it can transmit circumferential forces. 
This means that the circumferential braking forces acting on the 
brake pad which is in the axially outer position with respect to 
the vehicle are introduced via the floating caliper into a compo- 
nent which is permanently attached to the vehicle. 

[0007] According to an effective variant of the floating- 
caliper disk brake, the actuating device comprises a movable actu- 
ating element, the guide length of which inside the actuating de- 
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vice is greater than the sum of the maximum wear value of both 
brake pads and the maximum wear value of both sides of the disk 
brake. Because of the way in which the floating caliper is ar- 
ranged, the guide length for the actuating element must be large 
enough to take into account the frictional wear of the brake pads 
and of both sides of the brake disk. This is important especially 
in the case of high-performance brakes, in which a great deal of 
frictional wear occurs. A long guide length ensures that the ac- 
tuating element will still be guided reliably in the associated 
actuating device even after the brake pads have undergone signifi- 
cant amounts of wear. The actuating element is designed, for ex- 
ample, as a brake piston, such as those used, for example, in disk 
brakes with hydraulic actuating devices. The long guide length of 
the actuating element also makes sure that there is a wide gap be- 
tween the temperature-sensitive actuating device and the compo- 
nents of the brake which are usually subjected to severe thermal 
loads such as the brake pads and the brake disk. This is impor- 
tant especially in the case of hydraulic or electrohydraulic actu- 
ating devices with their temperature-sensitive brake fluid. 

[0008] An additional increase in the rigidity of the floating 
caliper can be achieved by designing at least one of the bridge 
sections as a central web, which connects the two caliper sections 
to each other in the area of the actuating device. For weight 
reasons, this central web is narrower than the bridge sections ad- 
jacent to it in the circumferential direction. It is these adja- 
cent bridge sections together with the two caliper sections which 
form the actual frame-like structure of the floating caliper. 
Nevertheless, the central web contributes significantly to the ri- 
gidity of the frame-like floating caliper. Depending on the em- 
bodiment, several bridge-like webs can be provided. 

[0009] According to a first advantageous embodiment of the 
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f loating-caliper disk brake, a brake holder permanently attached 
to the vehicle is provided. The arms of the holder project into 
the frame-like floating caliper and extend as far as the brake 
disk only on the inside. The floating caliper is mounted on the 
brake holder with a certain freedom of movement. The brake holder 
can be designed as a separate component, which is preferably fas- 
tened to the stub axle or to the wheel carrier of the motor vehi- 
cle, or it can be integrated directly into the stub axle or wheel 
carrier. In detail, the brake holder is designed in such a way as 
to minimize its weight, for which reason it does not project axi- 
ally over the brake disk. The arms of the holder which project 
into the frame-like floating caliper, furthermore, are preferably 
U-shaped. Alternatively, it is conceivable that, to increase the 
mechanical load-bearing capacity, the arms of the brake holder 
could. have a closed shape instead of a U-shape. In either case, 
it is advisable for the brake pad on at least one side of the 
brake disk to be supported tangentially on the brake holder to al- 
low the transmission of circumferential braking forces. According 
to an elaboration of this first embodiment of the f loating-caliper 
disk brake, the floating caliper is not only supported with free- 
dom of axial movement on the brake holder but also supported tan- 
gentially on the arms of the brake holder to allow the transmis- 
sion of circumferential forces. Any circumferential braking 
forces which occur can thus be introduced by the floating caliper 
directly to the brake holder, which is permanently attached to the 
vehicle. 

[0010] To improve the guidance of the floating caliper during 
its axial movement on the brake holder, each pin guide has a guide 
pin, which is attached to the caliper sections of the floating 
caliper and supported with freedom of movement in the brake 
holder. In general, the guide pins are intended to transmit lit- 
tle if any of the circumferential braking force. This means that 
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the guide pins can be very slender, since their most important 
function is obviously merely to guide the axial movement of the 
floating caliper. In detail, each of the guide pins is preferably 
connected detachably to the caliper sections by screws and accom- 
modated within an associated bore in the brake holder, in which it 
is free to slide back and forth. Thus, when the brake is actu- 
ated, the guide pins move along with the floating caliper relative 
to the brake holder. In addition, it is advisable for the guide 
pins to connect the two caliper sections to each other in the man- 
ner of tension rods. This increases the rigidity of the floating 
caliper even more. 

[0011] Yet another advantageous variant of the pin guide system 
is obtained in that the guide pins are provided with a suitable, 
long-lasting surface coating or surface treatment, especially a 
diamond-like coating, an electroplated nickel coating, a ceramic 
coating, or a cermet coating, to protect the pins from the effects 
of temperature and other environmental influences. This prevents 
the material which has been worn off the brake pads (brake dust) 
or high brake operating temperatures, for example, from interfer- 
ing with the freedom of movement of the floating caliper in its 
guide. 

[0012] According to a second preferred embodiment of the float- 
ing-caliper disk brake, at least one pin guide has a support pin 
for the transmission of circumferential forces. A support pin of 
this type acts directly between the floating caliper and a compo- 
nent attached to the vehicle; in particular, the support pin is 
attached to a component which is permanently attached to the vehi- 
cle and is supported with a certain freedom of movement in an as- 
sociated bore in the floating caliper. Circumferential braking 
forces proceeding from the floating caliper can therefore be in- 
troduced directly via the support pin to the component such as the 



AP10884 



6 



wheel carrier or the stub axle which is attached to the vehicle. 
There is no need in principle for a brake holder in the intermedi- 
ate position. If the brake holder is eliminated, the brake pads 
on both sides of the brake disk will be supported tangentially in 
the floating caliper so that they can transmit the circumferential 
braking forces. According to an advantageous variant of the 
f loating-caliper disk brake, at least the brake pad situated axi- 
ally on the inside (with respect to the axis of the associated 
brake disk) is guided with a certain freedom of movement on at 
least one central web. This brake pad cooperates with the actuat- 
ing device and is thus able to move in relation to the floating 
caliper. It is very easy to mount the brake pad movably on the 
central web, because little or no modification of the floating 
caliper is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Additional effective individual features of the inven- 
tion can be derived from the exemplary embodiments illustrated in 
the figures, which are explained in greater detail below: 

[0014] Fig. 1 shows a 3-dimensional view of a first exemplary 
embodiment of an inventive f loating-caliper disk brake; and 

[0015] Fig. 2 shows a 3-dimensional view of a second exemplary 
embodiment of an inventive floating caliper. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] The exemplary embodiments of f loating-caliper disk 
brakes shown in the figures are suitable for many purposes, in- 
cluding the application of high braking power. For this purpose, 
a frame-like floating caliper 1, 41 is provided, which is designed 
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specifically for high braking power. The caliper is supported on 
a component permanently attached to the vehicle, such as a stub 
axle or a wheel carrier, in such a way that it retains a certain 
freedom of movement. A component permanently attached to the ve- 
hicle is not shown in the figures. The frame-like floating cali- 
per 1, 41 projects over an associated brake disk 2 and the brake 
pads 3, A, one of which is mounted on each side of the brake disk 
2. The floating caliper 1, 41 is formed essentially by two cali- 
per sections 5, 6; 45, 46, each of which extends in the direction 
of a secant along one side of the brake disk, and by two bridge 
sections 1, 47, which are located at the circumferential ends of 
the caliper and which project axially over the associated brake 
disk 2. The bridge sections 7, 47 connect the two caliper sec- 
tions 5, 6; 45, 46 to each other. In addition to the bridge sec- 
tions 7, 47 at the ends, it is also possible, depending on the 
concrete application, to provide at least one central bridge-like 
web 8, 48, which also connects the caliper sections 5, 6; 45, 46 
to each other and which thus helps to increase the rigidity of the 
caliper. 

[0017] Overall, the floating calipers 1, 41 shown in the fig- 
ures are designed in all respects to have high rigidity and low 
weight at the same time. For example, the caliper sections 5, 6; 
45, 46 all have a lattice-like, light-weight structure. According 
to that principle, the caliper sections 5,6; 45, 46 are built up 
primarily out of struts 9, 49; ribs 10, 50; and cylinder elements 
11, 51. As a result, the caliper sections 5, 6; 45, 46 acquire a 
lattice-like, light-weight structure similar to that of a double-T 
beam, which is very rigid even though light in weight. The high 
rigidity of the caliper sections 5, 6; 45, 46 is responsible for 
advantageously uniform pressure conditions at the brake pads 3, 4 
when the brake is actuated, even when the brake clamping forces 
are high. This leads to a uniform, parallel wear pattern, espe- 
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cially in the case of the brake pad located in the axially outer 
position with respect to the vehicle. In addition, the lattice- 
like, light-weight structure makes it easier for cooling air to 
flow around the floating caliper 1, 41, as a result of which high 
operating temperatures in the brake can be more rapidly lowered. 
This is achieved preferably by providing the outer caliper section 
6, 46 with at least one cooling channel 11, 51 to allow cooling 
air to flow to the outer brake pad 4. A cooling channel 11, 51 of 
this type can be formed by, for example, a cylindrical element 11, 
51 or by an element of the lattice-like, light-weight structure of 
equivalent effect. In the present exemplary embodiments, several 
cylindrical elements 11, 51 form the cooling channels 11, 51, each 
of these cooling channels passing axially through the outer cali- 
per section 6, 46. 

[0018] To actuate the f loating-caliper disk brake, at least one 
actuating device 12, 52 is provided in the caliper section 5, 45 
located axially on the inside with respect to the vehicle. This 
actuating device acts on the axially inner brake pad 3. So that 
higher brake clamping forces and thus also higher braking power 
can be achieved, it is advisable to use several such actuating de- 
vices. In principle, any desired type of actuating device can be 
used, e.g., electrical, electromechanical, electric motor-driven, 
electrohydraulic, or purely hydraulic. Hydraulic actuating de- 
vices are characterized by their higher power density. 

[0019] According to the first embodiment of the floating- 
caliper disk brake shown in Figure 1, the floating caliper 1 has 
three hydraulic actuating devices 12 in the caliper section 5 lo- 
cated on the inside relative to the vehicle. These devices act on 
the inner brake pad 3 by way of brake pistons 13, which are 
mounted in such a way that they can move back and forth. Because 
all of the actuating devices 12 are located on the same side of 
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the brake disk 2, the guide length of the brake piston 13 must 
allow for the entire wear value of both brake pads 3, 4 and of 
both sides of the brake disk. The brake piston must therefore be 
long enough to ensure that each brake piston 13 will still be re- 
liably held in its actuating device 12 even after the brake pads 
3^ 4 have undergone considerable wear. At the same time, provid- 
ing the brake piston with a sufficiently long guide length pre- 
vents the possibility of leaks in the hydraulic brake circuit. 
The length of the brake piston, which is much longer than that of 
known arrangements, also guarantees that the temperature-sensitive 
brake fluid will be farther away in space from the brake disk 2 
and the brake pads 3, 4, which become very hot during operation. 
Figure 1 shows a f loating-caliper disk brake with very heavily 
worn brake pads 3, 4 and a worn brake disk 2, so that almost the 
entire guide length of the individual brake pistons 13 is called 
into play. The orientation of the cup-like brake pistons 13 with 
their closed ends directed toward the center of vehicle also en- 
sures that all of the brake fluid present in the floating caliper 
1 is subjected to an optimal flow .of cooling air. This is respon- 
sible for a decisive advantage over known high-performance brakes 
of the f ixed-caliper design, in which the outer caliper areas are 
poorly accessible to cooling media. In contrast, the present 
frame-like floating caliper 1 makes it possible to achieve a sig- 
nificant lowering of the brake fluid temperature. 

[0020] The axially movable guidance of the floating caliper 1 
with respect to a component permanently attached to the vehicle as 
required for the actuation of the brake is ensured by two pin 
guides 14, which act between a component attached to the vehicle 
and the floating caliper 1. A brake holder 15 is provided, which 
is attached to a component permanently attached to the vehicle, 
especially to a stub axle or a wheel carrier. Each pin guide 14 
comprises a guide pin 16, by means of which the floating caliper 1 
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is supported on the brake holder 15 with a certain freedom of 
movement. According to the design shown in Figure 1, each guide 
pin 16 is connected, especially screwed, to both caliper sections 
5, 6 of the floating caliper 1 but held in the holder arm 17 with 
freedom to move. The brake holder 15 is designed essentially in 
the shape of a U with two retaining arms 17, which project into 
the frame-like floating caliper 2. In a variant, the brake holder 
15 can also have a closed shape, which increases the rigidity of 
the holder even more. In detail, the brake holder 15, with its 
retaining arms 17 inside the frame-like structure of the floating 
caliper 1, forms a receiving opening for the brake pad. The in- 
side surfaces of the opening directly support the axially inner 
brake pad 3 in the circumferential direction, whereas the outer 
surfaces absorb the circumferential braking forces of the floating 
caliper 1. As a result, the circumferential braking forces of the 
axially inner brake pad 3 which occur during braking are transmit- 
ted directly via the associated retaining arm 17 to the wheel car- 
rier or stub axle permanently attached to the vehicle. The float- 
ing caliper 1 is not subjected to these circumferential braking 
forces of the inner brake pad 3. In contrast, the axially outer 
brake pad 4 is permanently attached to the caliper, and the 
circumferential braking forces which occur there are carried away 
via the floating caliper 1. For this purpose, the bridge sections 
7 at the ends of the floating caliper 1 are supported tangentially 
against the outside surfaces of the retaining arms 17. This means 
that the pin guides 14 transmit little of any of the circumferen- 
tial braking forces. The components of the pin guides 14 can 
therefore be made smaller or lighter in weight. Each of the two 
guide pins 16 extends through a retaining arm 17 and thus also 
project axially over the brake disk 2. The guide pins 15 also ad- 
vantageously function as tension rods and are thus connected to 
the caliper sections 5, 6 of the floating caliper 1 to provide an 
additional increase in the rigidity of the floating caliper. Each 



AP10884 



11 



of the guide pins 16 extends through the retaining arm 17 in 
close proximity to the brake pad support areas, so that the brake 
holder 16 can be designed in light-weight fashion with minimal use 
of material- In principle, the brake holder 16 can be designed as 
a separate part, which is then permanently attached to the vehi- 
cle, or it can be integrated directly into a component permanently 
attached to the vehicle such as a wheel carrier or a stub axle. 

[0021] To protect the guide pin 16 from the effects of heat or 
other environmental influences, such as abraded material worn off 
from the brake pad and brake disk, it is helpful to provide these 
pins with a suitable surface coating or treatment. Advantageous 
coating variants which can be considered include, for example, 
diamond-like coatings, electroplated nickel coatings, ceramic 
coatings, and cermet coatings. Coatings of this type maintain the 
surface quality of the guide pins 16 for a long time and thus en- 
sure the ease of movement of the floating caliper guide system. 

[0022] An especially positive design feature of the floating- 
caliper disk brake 1 in comparison with known arrangements is that 
the brake pads 3, 4 can be utilized to a higher degree. This 
higher degree of utilization is achieved by the repositioning of 
the brake pads 3, 4 on the associated brake pad support areas as 
the wear on the brake disk and friction pads increases. In con- 
trast to the situation of permanent support against the vehicle, 
the brake pads 3, 4, can thus be allowed to continue to wear down 
until they reach a certain minimal residual thickness without risk 
to the reliability of the support function. There is therefore no 
longer any need to increase the mass of the friction pad to allow 
for the wear of the brake disk, which has an advantageous effect 
on the necessary weight of the brake pad. This situation is pre- 
sent because the axially outer brake pad 4 is connected to the 
outer caliper section 6, preferably embedded in it, and travels 
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concomitantly with the floating caliper 1 in the event of fric- 
tion pad or brake disk wear without loss of brake pad support. 
When the friction pad or brake disk wears down, the axially inner 
brake pad 3 shifts relative to its support area on the brake 
holder 15. Under consideration of the wear of the friction pads 
on both sides and of the brake disk, the axial dimension of the 
support area on the brake holder 15 for the axially inner brake 
pad 3 must therefore to be large enough to ensure reliable tangen- 
tial support of the brake pad even after the friction pad has un- 
dergone significant wear. 

[0023] Figure 2 illustrates a second embodiment of an inventive 
floating caliper 41, in which, in contrast to the previously de- 
scribed variant, both the axially inner and the axially outer 
brake pads are guided and supported in the frame-like floating 
caliper 41 in such a way that they are able to shift position to a 
certain extent. The brake pads (not shown) have appropriately 
shaped shoulders by which they are guided with freedom of axial 
movement on the central axial webs 48. For this purpose, guide 
surfaces 53, 54 for the inner and outer brake pads are formed on 
the webs 48; these surfaces are provided in particular with axial 
dimensions which guarantee reliable guidance of the brake pads re- 
gardless of how worn down they are. In addition, the webs 48 have 
openings 55, which allow the brake pads to be installed and re- 
moved. Specifically, during the installation process, the guide 
shoulders of the brake pads can be threaded via the openings 55 
onto the webs 48. 

[0024] To transmit the circumferential braking forces acting on 
the brake pads, furthermore, support surfaces 56 are formed on the 
inside of the bridge sections 47 at the circumferential ends. The 
shoulders at the circumferential ends of each of the brake pads 
(not shown) rest with freedom of axial movement against these sup- 
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port surfaces and are supported tangentially there. The support 
surfaces 56 in the floating caliper 41 are designed in such a way 
that they provide reliable support of the circumferential braking 
forces regardless of the state of wear of the brake pads and brake 
disk. In particular, the support surfaces 56 are long enough in 
the axial direction to reach the plane of the brake disk which co- 
operates with the brake pad and thus ensure proper support of even 
a worn brake pad. The direct support of the brake pads in the 
floating caliper 41 makes a brake holder according to Figure 1 su- 
perfluous. Weight can thus be saved, which is advantageous. 

[0025] The floating caliper 41 itself is supported with freedom 
of axial movement on a component permanently attached to the vehi- 
cle, especially a stub axle or a wheel carrier, by means of pin 
guides 57. The pin guides 57 act between the floating caliper 41 
and the component attached to the vehicle and thus not only guide 
the axial movement of the floating caliper 41 but also simultane- 
ously transmit the circumferential braking forces acting on the 
floating caliper 41. The pin guides 57 must transmit both the 
circumferential braking forces acting on the inner brake pad and 
the circumferential forces acting on the outer brake pad. The pin 
guides 57 preferably form a system comprising a load-bearing pin 
and a guide pin, where the first pin guide 57 with the load- 
bearing pin is suitable basically for transmitting the circumfer- 
ential braking forces. The second pin guide 57 with the guide pin 
serves essentially to position the floating caliper 51 on the com- 
ponents attached to the vehicle. Specifically, the load-bearing 
and guide pins are connected directly to the component attached to 
the vehicle, i.e., the wheel carrier or stub axle, by means of 
screws, for example, and are held in the floating caliper 41 with 
a certain freedom of movement. As a result, the number of parts 
required for the floating caliper 41 with pin guides is reduced to 
a minimum. In addition, the contact surfaces inside the pin 
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guides 57 required for the axial guidance of the floating cali- 
per's movement are located, with respect to the vehicle, in an 
area which is easily accessible to a flow of cooling air. Accord- 
ingly, the operating temperature in the pin guides 57 is decreased 
to the desired level. The cooling air stream, furthermore, keeps 
the hot brake pad dust produced by wear away from the contact sur- 
faces inside the pin guides 57. 

[0026] Otherwise, essential design features of the embodiment 
according to Figure 1, especially those pertaining to the lattice- 
like, light-weight structure, can also be carried over analogously 
to the floating caliper 41 according to Figure 2. In principle, 
the inventive floating caliper disk brake offers the advantage 
over the known high-performance f ixed-caliper brakes that the 
brake fluid and/or the entire brake is subject to less heating. 
In addition, an inventive f loating-caliper disk brake with hydrau- 
lic actuation occupies less space than the f ixed-caliper brake, 
because only half the number of brake pistons and thus half the 
number of sealing rings are used. 
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